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A b s t r a c t
This paper presents general principles of managing the reliability of steel chimneys according 
to  Eurocodes  EN  1990  and  EN  1993-3-2.  It  discusses  the  basis  for  static  calculations 
and  dimensioning  and  compares  Eurocode  guidelines  to  the  requirements  of  old  Polish 
Standards. The use of standard procedures is  illustrated by an example of static calculations 
and dimensioning of a steel chimney shell.
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This  article  presents  an  analysis  of  the  reliability  of  a  steel  chimney  according  to  the 
principles  of Eurocode EN 1993-3-2  [1]. The  standard  applies  to  vertical  steel  chimneys 
of a circular or conical cross-section. Possible solutions  include cantilevered (in  lattice or 
self-bearing  towers)  and  guyed  chimneys.  The  article  introduces  general  principles 
of managing  the  reliability  of  steel  chimneys  according  to  old  standards  and  Eurocodes, 
it  compares  loads  under  old  standards  and  Eurocodes  as  well  as  presenting  the  basis 
for  their  calculation  and dimensioning  in  a  deteriorated  condition. Moreover,  it  describes 
a comparative analysis of static calculations of chimneys according to old Polish Standards 
and Eurocodes
2. Elements of the reliability analysis
The European Standards (Eurocodes) introduced a few years ago contain requirements 
that  are  different  from  old  Polish  Standards  in  terms  of  static  and  strength  calculations 
of  steel  chimneys.  The  main  change  is  the  implementation  of  reliability  management 
by defining the reliability class of a chimney. This depends on the consequences to society, 
environment  and  economy  of  the  destruction  of  a  chimney. Depending  on  the  reliability 
class,  the  standard  requires  various  values  of  partial  coefficient  gF  to  static  and  dynamic 
loads.  Their  differentiation  has  a  great  impact  on  the  calculation  procedure  carried  out 
according to the Eurocode guidelines.
Eurocodes  require  a  comparison  of  the  design  values:  the  bearing  capacity  Rd  and 
the  load effect Ed. According  to  the  recommendations  included  in EN 1990  [2]  regarding 
the basics of structure design, the ultimate limit state condition can be expressed as a scalar 
one-parameter bearing capacity R and the related impact effect E as follows:
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 X X R R Xd M d M= → =η γ η γrep rep/ ( / )   (3)
Partial coefficients gF in formula (3) and gM in formula (4) account for random variation 
of  impacts,  material  strength  and  modelling  error  of  the  random  variables,  and  can  be 
presented as the following products:
 γ γ γ γ γ γF f Sd M m Rd= =   (4)
The numeric values of load factors gF specified in Eurocode EN 1990 are presented as 
three  sets,  depending  on  the  analysed  ultimate  limit  state.  Technically,  the  specifications 




T a b l e  1
Reliability differentiation for chimneys [1]
Reliability class Definition






































Ta b l e  2
Partial factors for actions γF [1]





Favourable All classes 1.0 0.0
Accidental situations 1.0 1.0
3. Comparison of old and new standards
Steel  chimneys  are  designed  according  to  the  provisions  specified  in  standard  [1]. 
Its  requirements  contain  references  to  standards  [3-5].  Those  calculations  are  different 
from the guidelines of old Polish Standards [6, 7] in terms of load values and the analysed 
conditions.  Table  3  presents  a  juxtaposition  of  various  loads  and  environmental  impact 
according to the old and new standards. 

































































The  article  includes  a  detailed  analysis  of  the  guidelines  regarding  the  values  of 
technological load and wind pressure.
Standard  [1]  establishes  slightly  different  requirements  regarding  technological  load 




regulations  (for  example  [6,  10, 11-14])  that  significantly  changed  the wind  load profile. 
A comparison of these standards is presented in [15].
According  to  the  provisions  of  standard  [10],  wind  load  is  defined  in  the  following  
way: 
 p q C Cf k e= γ β   (5)
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where:
gf   –  partial wind load coefficient; 
q
k
  –  characteristic  value  of  the wind  velocity  pressure,  depending  on  the  structure 
location in the country;




T a b l e  4




























According  to  the  guidelines  of  Eurocode  [16]  defining  the  wind  load,  in  the  case 
of chimneys, it should be calculated in the following way:
 p q c c c cf b e f s d= γ   (7)
where:
γf   –  partial wind load coefficient;
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qb  –  characteristic value of the wind velocity pressure depending on the structure 
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 D = +( / ) ( / )h h500 1 50   (9)
where: 
h  –  chimney  height  (depending  on  the  location  of  the  symbol  in  the  formula,  its 
measurement unit is [m] or it is a dimensionless value).
4. Calculation example
A  comparison  of  guidelines  from  the  new  and  old  standards  was  conducted  for  an 





















results  in  equivalent movement  of  the  chimney  top  according  to  [1]. The values of wind 
pressure and suction were applied according to [16]. The distribution of pressure around the 
perimeter was aligned with  the guidelines of standard  [16]. The wind  load coefficient  for 
the beam structure with a circular section was assumed as 0.7.
The  impact  of  flanges  connecting  conduits  and  the  technological  bridge  on  the  shell 
stiffness was also accounted  for. The  initial  calculations do not  include  the  impact of  the 
thermal effects of hot gases and the dynamic effects related to the wind load. The calculations 
were carried out in Algor software. Linear elastic analysis was used (LA according to [5]).

























–  deformations,  deflections,  vibrations,  oscillations  or  sway  which  may  cause  damage 
to non-structural elements.
Checking  conditions  LS1,  LS3  and  LS4  according  to  standard  [5]  involves  checking 
the following conditions:
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The  results of  the beam model were analysed,  including  second-order  effects. Results 
of shell model were analysed too. They were related to the actual chimney in the Kraków Łęg 
Power Station. The analysis results are presented in Table 5.








Shell, 12 mm 0.378 4.108 0.178














A few phenomena:  the  impact of gas  temperature on corrosion and on  the mechanical 
properties  of  steel,  the  impact  of  aggressive  gases  on  the mechanical  properties  on  steel, 
seismic  effects,  paraseismic  effects,  terrain  deformation  and  ground  settlement  effects 
must  be  analysed  according  to  few  additional  standards.  The  comparison  between  old 
and contemporary requirements is possible after more accurate analysis.
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